Abstract Joint-preserving osteotomies are an established treatment for adult hip pain secondary to developmental dysplasia of the hip. However, their value for advanced osteoarthritis is unclear. Therefore this study addresses the question of long-term results of triple pelvic osteotomy in patients with second grade osteoarthritis. Thirty-two patients with second grade osteoarthritis secondary to developmental dysplasia of the hip before triple pelvic osteotomy were clinically and radiographically assessed 11.5 years postoperatively. Five patients required conversion to total hip replacement. Kaplan-Meier survivorship analysis predicted a survival rate of 85.3%. The mean Harris hip score increased significantly with more than 56% good or very good results. A preoperative BMI > 25 and Harris hip score < 70 resulted in worse outcome or early conversion into total hip arthroplasty. The results indicate that developmental dysplasia of the hip even in second grade osteoarthritis can be treated with triple pelvic osteotomy.
Introduction
Developmental dysplasia of the hip is known as a cause of secondary osteoarthritis [9, 20] . As a treatment for adult hip pain due to dysplasia of the hip, especially for young patients with no or low grade osteoarthritis, pelvic osteotomies are performed to prevent the progression of osteoarthritis. The goal of the surgical approach is to improve the containment of the femoral head and to restore the congruity and stability of the joint to normalise joint contact pressure. Satisfactory intermediate [3, 19, 25] and long-term [2, 10, 11, 13, 14, 22] results in patients with no or low grade osteoarthritis secondary to dysplasia of the hip are reported frequently. But the value of pelvic osteotomies for advanced osteoarthritis is controversial partly due to dearth of long-term results. Hence, it was the aim of this study to assess the long-term results of Toennis triple osteotomy in patients with advanced osteoarthritis of the hip defined by small cysts in the head or acetabulum, increasing joint space narrowing and moderate loss of sphericity of the head. A subgroup analysis aimed to record the patients' age at the time of the index operation, the body mass index (BMI) and the pre-operative Harris hip score as prognostic factors for long-term results.
Materials and methods
In 1992, 177 consecutive Toennis type triple pelvic osteotomies were performed at our clinic in 177 patients with various grades of osteoarthritis of the hip secondary to dysplasia. Osteoarthritis of the hip was classified into four radiographic stages according to Toennis [16] (Table 1) . Thirty-five out of 177 patients were classified as having a second grade osteoarthritis and were included in this study. The mean age of the patients at the time of triple osteotomy was 38.6 years (range 23.9-57 years).The series comprised 30 women and five men.
Surgical technique
The pelvic osteotomy was performed in accordance with Toennis [16] [17] [18] . An arthrotomy was not routinely performed. All of the procedures were carried out by the same two senior surgeons. During the follow-up period the technique for osteosynthesis changed to fixation with screws. The temporarily implanted k-wires and wire cerclage were removed one year after osteotomy.
Postoperative management
During the early postoperative weeks, the following constraints were mandatory: (1) no weightbearing for 12 weeks, (2) joint movement only up to 30°for ab-and adduction, (3) no external rotation, and (4) a maximum flexion of 60°. Active internal rotation however was demanded. When radiographic signs of consolidation appeared six weeks after surgery, flexion up to 90°and abduction were permitted. All patients received thrombosis prophylaxis with low molecular weight heparin (Certoparin) for the entire period of limited weightbearing.
Follow-up examination
All patients were included in a follow-up scheme. First, clinical examinations were carried out three and twelve months after the initial osteotomy; thereafter, patients presented themselves irregularly when required. The 35 patients with 35 hips classified as second grade osteoarthritis secondary to dysplasia of the hip were identified by preoperative radiographs and selected for the final study assessment. Three patients died during the follow-up period from causes unrelated to the osteotomy (two cases of lung cancer, one case of breast cancer). All remaining patients completed the study and returned for clinical and radiographic assessment between September 2003 and March 2004. The mean duration of follow-up was 11.5 years (range 11-12.2 years). The preoperative Harris hip score was routinely calculated prior to the index operation, and the preoperative body weight and body height were recorded. Clinical and radiographic examination were performed on all surviving patients (32 cases). Clinical follow-up was based on the Harris hip score and was performed by an independent physician. The radiographic evaluation was based on anteroposterior and falseprofile radiographs. The series of pre-, postoperative and final follow-up radiographs were analysed by an independent physician. The radiographs were evaluated for the grade of osteoarthritis, the centre-edge angle of Wiberg, the anterior centre-edge angle of Lequesne and de Sèze, the angle of the weight bearing zone of Bombelli and Aronson and the migration percentage of Reimers.
Statistical analysis
The statistical analyses of prognostic factors was based on the chi-square test, whereas the Wilcoxon matched pairs test was applied to compare the Harris hip score prior to and after intervention. Kaplan-Meier survival analysis, with conversion into a total hip replacement as end point, was used to analyse the survival rate. Statistical analyses were performed with Statistica software (version 6.0; StatSoft, Inc.). A p value of <0.05 was considered to be a significant result. 
Prognostic factors
To analyse the value of preoperative BMI and Harris hip score the study population was grouped according to their BMI and Harris hip score prior to surgery. The cut off was a BMI > 25 (defined as overweight) and a Harris hip score < 70 (defined as a bad score). The analyses revealed that preoperative overweight (p=0.003) and a bad Harris hip score (p=0.0025) prior to osteotomy correlated with bad Harris hip scores in the follow-up or even led to conversion to a total hip replacement. The age at the time of surgery did not relate to the long-term results.
Survival analysis
Kaplan-Meier survival analysis (Table 2) , with conversion to a total hip replacement as end point, revealed a survival rate of 85.3% (95% confidence interval 74.1-98.1%) at the time of the last follow-up examination (mean duration 11.5 years).
Complications
Double pseudarthrosis with nonunion of the pubis and the ischium occurred in one patient and was treated conservatively due to the lack of clinical signs and absence of pain. One patient developed an exostosis at the anterior inferior iliac spine which was surgically removed. Snapping of the iliotibial band in one patient was resolved by surgical extension of the band. A thrombosis of the lower limb occurred perioperatively in one patient and was treated effectively. Six patients showed temporary postoperative irritation of the lateral femoral cutaneous nerve.
Discussion
Pelvic osteotomies are an established treatment for adult hip pain secondary to dysplasia of the hip, especially for young patients with no or low grade osteoarthritis. Long-term results for the triple osteotomy according to Toennis for this indication are good [7] . The role of pelvic osteotomies in advanced osteoarthritis is still controversial in particular because the results for total hip replacement as treatment for degenerative arthritis of the hip secondary to developmental dysplasia are favourable [6] . Early osteoarthritis and joint incongruency due to dysplasia of the hip are reported to be negative predictive factors [2, 10, 19, 22] for the osteotomy. De Kleuver et al. [2] report 20% good or excellent ratings in patients with evidence of osteoarthritis before triple acetabular osteotomy compared to 71% in patients without. Nakamura et al. [10] showed lower scores for pain, gait and particularly for mobility and hence poorer overall outcome in a group of patients with advanced osteoarthritis. Ito [4, 5] analysed the long-term effect of Chiari pelvic osteotomy for grade-3 osteoarthritis according to Toennis, although advanced osteoarthritis is reported to lead to unsatisfactory results [8, 12] . Despite a significant improvement of the Harris hip score the clinical results were inferior to those of total hip arthroplasty. The group consequently recommends the osteotomy for patients who prefer a joint-conserving procedure to a total hip arthroplasty, accepting a poorer clinical outcome.
On the other hand the literature reveals reports that support our hypothesis that osteotomies of the pelvic bone, even in second grade osteoarthritis secondary to dysplasia of the hip, can prevent progression of osteoarthritis. Yasunaga et al. [24] showed that result for rotational acetabular osteotomy in a group of elderly patients with early-stage osteoarthritis. They postulated that in older patients unsatisfactory medialisation of the femoral head is an important risk factor due to the inferior adaptability of the articular cartilage in comparison to younger patients. Takatori et al. [15] report long-term results for rotational acetabular osteotomy in patients with advanced coxarthrosis (grades III and IV in the classification of the Japanese Orthopaedic Association). The majority of the patients had little or no pain at the recent follow-up and the condition of the hips was the same or better in most of the patients compared with the preoperative status. One patient underwent a secondary total hip arthroplasty. Furthermore, Yasanuga et al. [21] showed a significant improvement in the system of Merle d'Aubigne and Postel in hips with advanced-staged osteoarthritis at a follow-up of eight years after rotational acetabular osteotomy. Aggravation compared with the preoperative score was reported for eight out of 29 joints. One total hip arthroplasty was performed in the fifth postoperative year.
In their recent publication Yasunaga et al. [23] report the results 8.5 years after rotational acetabular osteotomy in patients with advanced-stage osteoarthritis according to the Japanese Orthopaedic Association, which is equivalent to grade 2 of Toennis's classification. Two out of 43 osteotomies had been converted to total hip arthroplasties and five hips showed end stage osteoarthritis in the radiographs. The mean Merle d'Aubigne clinical score improved significantly. A significant association with radiographic signs of progression of osteoarthritis after rotational acetabular osteotomy were fair postoperative joint congruency, a preoperative joint space of <2.2 mm, and a postoperative joint space of <2.5 mm.
Our study demonstrated the BMI and the preoperative Harris hip score are reliable predictors for the outcome. The ideal patient should have a BMI < 25 and a Harris hip score >70.
Therefore, triple osteotomy can be an alternative to total hip replacement. The duration of the operation and the postoperative treatment are indeed much longer. Patients have to be informed about that and especially about the fact that a progression of the osteoarthritis can occur and conversion to a total hip arthroplasty nevertheless can be necessary. The experiences of Ito [4, 5] with the Chiari pelvic osteotomy limit the prospects as a treatment for Toennis grade-3 osteoarthritis.
In the future, delayed gadolinium-enhanced magnetic resonance imaging of cartilage (dGEMRIC) could play an important role as a predictive factor. Cunningham [1] demonstrated that hips with a severely diminished joint space, higher Toennis grade (2 or 3), joint subluxation, or lower dGEMRIC index were less likely to benefit from the Bernese periacetabular osteotomy for hip dysplasia. Therefore, dGEMRIC could help to identify patients who would profit from a pelvic osteotomy despite the grade of osteoarthritis on the radiographs.
